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SUPPLEMENTARY MATERIAL
	This section contains further methodological detail to support that provided in the main paper.

Wood Production
These equations were derived by Bunce (1968) for trees harvested at Meathop Wood, a site similar to Wytham in species composition.  Mean coefficients from these three equations were used for the remaining species (which were almost all small trees, contributing 9 % of the individuals in the plot, and 2.6 % of the basal area, in 2007) as no specific allometric equations were found in the literature.  Table S1 provides the range of DBH of the A. pseudoplatanus, F. excelsior and Q. robur trees sampled at Meathop and those used in this study.

Table S1.  Number and DBH Range of Q. robur, F. excelsior and A. pseudoplatanus Trees Harvested in Meathop Wood (Bunce 1968) for Allometric Equation Production, and DBH Range of These Species Measured in This Study and on Which the Allometric Equations Were Used


Meathop n
Meathop diameter (cm)
Wytham diameter (cm)
Q. robur
20
14.0 – 162.5
44.8 – 117.8
F. excelsior
15
9.0 – 104.0
10.0 – 41.8
A. pseudoplatanus
10
11.5 – 96.5
9.5 – 67.7

Calibration of Litter Trap Data with Optical Measurements
Optical LAI measurements (LAI-2000, LiCor, Lincoln, NE, USA) were made in autumn on the same days as litter traps were emptied to allow the optical measurements throughout the growing season to be calibrated with actual leaf area measurements.  The calibrated peak LAI value (m2 m-2) was taken to represent the total amount of leaves collected in the traps, and the relationship between the two used to estimate leaf production in the preceding months.  This assumed that no new leaves were produced once peak canopy cover had been achieved and that only a very small amount of leaf material had been lost to herbivory, or that the two balance.  Q. robur is known to have a second flush of leaves ‘Lammas leaves’, but the consistency of our summer LAI values after May suggests that this assumption is reasonable. 
The dry mass of leaves collected in the litter traps was assumed not to have decreased during leaf senescence (other than via herbivory), but leaf area may have.  This possible on-tree shrinkage would have occurred during a time when leaves on the tree also curl, so consecutive measurements with the LAI-2000 (even in the absence of leaf fall) would not have been able to distinguish a decline in LAI from shrinkage from a decline resulting from curling.  They may have continued to curl as they dried further.  Curled leaves were wetted, pressed flat, and air-dried under the press before area measurements were made, in order that their area may most closely represent that when they were alive and flat in the canopy.

Leaf Respiration
Point estimates
	Twenty measurements were made on five trees during the night of DOY 184, 2001.  These measurements were used in Equation 3, to estimate hourly leaf respiration at each hour t (Rt, μmol CO2 m-2 h-1) for the study plot during 2008.  Night time leaf respiration (Rn, μmol CO2 m-2 s-1) is calculated as from Equation 4.  

Rt = Rn . (Q10 [(T2-T1)/10])									(3)

Rn = Rsun + Rshade									(4)

Where Rsun and Rshade are the total respiration from sun and shade leaves respectively
 Rsun = RsunA + RsunQ + RsunO
Rsun = Fsun[(CA . RsunA ) + (CQ . RsunQ) + [(1 - (CA + CQ)] . [(RsunA + RsunQ) / 2]   		(5)

Rshade = RshadeA + RshadeQ + RshadeO                         
Rshade = 1 - Fsun[(CA . RshadeA ) + (CQ . RshadeQ)] + [(1 - (CA + CQ)] . [(RshadeA + RshadeQ)/ 2]	(6)

 	T1 is air temperature at time of measurement (ºC), T2 is hourly mean temperature (ºC) at time t and Q10 is assumed to be 2 (that is, respiration rate doubles for every 10 ºC increase in air temperature).   Superscript A denotes Acer, Q Quercus and O other species.  Fsun and 1 - Fsun are the fraction of sun and shade leaves in the canopy.  CA (0.67) and CQ (0.13) are the proportions of A. pseudoplatanus and Q. robur leaves in the canopy, respectively, from the litter trap measurements in 2008.  Using a sun-leaf SLA of 10 m2 kg-1 or less (Stokes 2002) and the distribution of Q. robur leaf SLA in sun-exposed and shaded layers of the canopy in this woodland (Roberts and others 1999), Fsun was estimated to be 39 % and so 1- Fsun as 61 %.  RsunA, 1 -  RsunA and RsunQ, 1 - RsunQ are the measured values of night-time leaf dark respiration (μmol CO2 m-2 s-1) of A. pseudoplatanus sun and shade, and Q. robur sun and shade leaves, respectively.   The mean of the two species’ dark and sun rates were used for the remaining species, constituting 22 % of the canopy.
The daytime respiration rate (Rd) cannot simply be assumed to be equal to the temperature-corrected night respiration (Rn); light inhibits dark respiration (Sharp and others 1984), so Rn must be adjusted for the hours of daylight.  The degree of this inhibition varies with species, leaf age, level of irradiance and temperature (Villar and others 1995; Atkin and others 2000).  A previous study estimated the degree of inhibition of dark respiration in a deciduous shrub (Lepechinia fragans) as 61.8 ± 4.7 % (that is, Rd = 38.2 x Rn, Villar and others 1995); this value was used here as, to our knowledge, no data exist for the species in this study.  Malhi and others (2009) applied photoinhibition of 67 % for daytime leaf respiration of tropical trees.  Night was defined as the hours when total solar radiation < 20 W m-2, as measured at the meteorological station.

Scaling
Once the adjustments for photoinhibition were made to day-time hourly leaf respiration, hourly day- and night-time values could be summed to produce monthly estimates (of total leaf respiration rate μmol CO2 m-2 y-1).  These monthly rates were then multiplied by the relevant month’s LAI and the area of the plot (1 ha) to produce estimates of total monthly leaf respiration, which were in turn summed to produce total annual RLEAF.  
Our assumptions around leaf respiration (Q10, the degree of photoinhibition, the fraction of sun and shade leaves, the fraction of leaves in each species, and the temperature sensitivity) all contain potential systematic uncertainty.  To be conservative we apply a large uncertainty bound of 50 % for the annual leaf respiration estimates and propagate these through our calculations.  Leaf respiration is one of the largest sources of uncertainty in our “bottom-up” quantification of the carbon cycle (the other being stem efflux); it is in this case, however, based on in situ measurements of the same species.  The mean of the standard errors reported by Stokes (2002) for other photosynthesis measurements of the same species was ± 40 %. 
A standard Q10 of 2 was used throughout these calculations and an annual estimate for RLEAF of 7.12 ± 0.59 μmol CO2 m-2 y-1 was obtained.  Using Q10 values of 1.5 and 3.0 produced RLEAF in the range 7.12 ± 0.72 to 4.48 ± 0.89 μmol CO2 m-2 y-1.
Data on the seasonal variation of LAI were required to scale up point estimates of leaf respiration to the whole canopy.  These could not be provided by the litter traps, so leaf production and canopy decline was recorded using the optical LAI-2000 (LiCor, Lincoln, NE, USA).  Autumn measurements on the same days as litter traps were emptied allowed calibration of the LAI-2000 with leaf area measurements.  

Stem CO2 Efflux
Point measurements
The trees chosen for stem efflux measurements had diameters at breast height (DBH) ranging between 22.0-40.6 and 16.3-60.1 cm for the two species, respectively, representing the range of tree size of these two species at this site.  
 Measurements were taken at fixed points on each tree, using PVC ‘collars’ (50 mm high x 65 mm diameter PVC pipe, Flowline, Marley, Maidstone, UK) attached for the duration of the study, using non-setting putty (Plumbers’ Mait, Evostik, Bostik Ltd, Leicester, UK) to allow change in tree diameter.  The collars were fixed on south-facing areas of stem with no wounds or growing/dormant buds, which were flat enough to accommodate the collars and as close as possible to breast height (1.3 m).  CO2 efflux measurements were made using a portable infra-red gas analysis (IRGA) system (EGM-4 and SRC-1 soil chamber, PP Systems, Hitchin, UK), with an adaptor custom-made to fit the collars.  To maximise comparability between measurement sessions, all measurements were taken between 09:00 and 13:00 GMT.  

Scaling
Equations which calculate tree stem area from other tree dimensions are extremely rare in the literature and none were found for the species in this study.  Some studies assume stems have the form of a truncated cone to derive an estimate of stem area (for example, Araki and others 2010) and whilst this may be an acceptable method for coniferous species, equations that estimate branch as well as stem area are needed for broadleaved trees.  
We employed literature values of plot-level stem area, the stem area index (SAI, m2 stem m-2 ground area), from similar sites to scale our stem efflux measurements to plot level.  Price and Watters (1989) report an SAI of 0.55 m2 m-2 for a Populus-Betula forest, Damesin and others (2002) give 1.5 m2 m-2 for a Fagus stand and Tian and others (2004) state an SAI for broadleaved forests of 1.0 m2 m-2.  As Wytham has a high stem density (Butt and others 2009), it was decided to use the higher end of this range of SAI values and estimate the SAI for the plot as 1.5 m2 m-2 with a 50 % error to reflect the uncertainty in this estimate, that is, 1.5 ± 0.75 m2 m-2.  This stem area  was apportioned between A. pseudoplatanus, F. excelsior and the remaining species by their percentage contribution to basal area, then used to scale up each species’ stem efflux separately.   
For each measurement session the mean rate ± s.e. from all 8 trees per species was used for that species and the mean ± s.e. of the total 16 trees for the remaining species.  The mean rate measured in each month April to November was applied to the whole month.  No measurements were made in January-March and December, so the November rates (the lowest for both measured species) were assumed to be representative of winter efflux rates.  
Measurement session efflux rates in μmol CO2 m-2 h-1 were scaled up to monthly estimates using the number of seconds per day and days per month (Figure S1).  These values were then scaled to plot level using the proportion of the 1.5 ha stem area allocated to each species.  All monthly stem efflux estimates could then be summed to produce an estimate of total annual stem CO2 efflux.  
	As mentioned in Section 2.2, no DBH measurements were made in January and February 2008 when growth rates were very low; December-March total growth, and thus change in ABW and stem area was assumed to be evenly apportioned between January, February and March. 
Raw stem efflux rates, from F. excelsior in particular, were found to be high compared to those from soil; both efflux rates were measured with the same equipment, suggesting that the comparative magnitude of these two components is correct.  Figure S1 presents monthly mean rates for soil and both tree species before they are scaled by area, so they can be directly compared. 
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Figure S1.  Mean monthly CO2 efflux rates (µmol CO2 m-2 s-1) from A. pseudoplatanus (A.p.), F. excelsior (F.e.) and soil.  Error bars represent ± 1 standard error of the mean.

Standard Error Propagation
Standard errors for mean values were propagated through to plot level using standard error propagation methods. That is, for multiplication, where A has standard error ± a and B has standard error ± b, their product C and its associated error ± c is calculated thus (assuming independence of each data point):

C + c = A + a . B + b = (A . B) + (√ [(a / A)2 + (b / B) 2]) . A . B			(7)

For division where A with standard error ± a is divided by B with standard error ± b, the result C and its associated error ± c is calculated thus:

C + c = A + a / B + b = (A / B) + (√ [(a / A)2 + (b / B) 2] . A / B)			(8)
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